A
MAJOR MORBIDITY associated with thyroid surgery is injury to the recurrent laryngeal nerve (RLN) within the field of dissection. Wagner and Seiler 1 reported an incidence of RLN injury of 5.9%, with a rate of permanent vocal cord paralysis of 2.4% in a series of 1026 cases of thyroid surgery. Poor voice quality and the potential for recurrent tracheal aspiration result. To reduce the incidence of RLN injury, several techniques to monitor RLN function during thyroid surgery have been described. [2] [3] [4] [5] [6] Most are based on electrical RLN stimulation with committed monitoring devices, such as special endotracheal tubes or electrodes (Neurovision SE; RLN Systems, Inc, Jefferson City, Mo) and additional out-of-field personnel to monitor the results of stimulation on an oscilloscope or similar readout device.
The laryngeal mask airway (LMA) also has been used to help monitor RLN function during thyroid surgery. [7] [8] [9] A flexible fiberoptic bronchoscope can be introduced through the LMA to obtain a view of the larynx. Fiberoptic visualization of vocal cord movement can confirm RLN integrity during electrical stimulation by the surgeon using a sterile nerve stimulator. This technique allows for monitoring of RLN function using equipment that is readily available in every operating room, and thus eliminates the need for purchase of further monitoring equipment or the expense of specially trained personnel. The bronchoscope can also be connected to a video camera, allowing for projection of the obtained image on a video screen using equipment widely available for laparoscopic surgery.
Hobbiger et al 9 used the LMA in 97 cases of thyroid and parathyroid surgery. Nerve stimulation was performed in only 50% of cases; therefore, no conclusion regarding the overall success rate of this monitoring technique could be made. Also, all patients were paralyzed and controlled ventilation was used, introducing muscle paralysis into the diagnosis of a nonmoving vocal cord during RLN stimulation. Therefore, we conducted a prospective analysis of 363 consecutive cases of thyroid surgery to evaluate the efficacy and safety of the LMA in combination with RLN electrical stimulation and fiberoptic visualization of vocal cords to monitor RLN function during surgery with the patient under general anesthesia and spontaneous ventilation.
RESULTS

SUBJECT CHARACTERISTICS
We included 363 consecutive patients undergoing surgery for thyroid disease. Patient demographic data are described in the following tabulation: The patients were predominantly middle-aged (mean ± SD age, 47±14 years) and female (82%). In 51% of the cases, a final diagnosis of carcinoma of the thyroid was made. Surgical procedures are tallied in the following tabulation for the 327 patients in whom the LMA was used: Thyroid lobectomy  111  Completion thyroidectomy  31  Near-total thyroidectomy  12  Total thyroidectomy  147  Total thyroidectomy and node dissection  12  Reoperative paratracheal dissection  8  Debulking  1  Internal jugular node dissection  2  Subtotal thyroidectomy  3 Considering that an internal jugular node dissection does not directly expose the RLN, and that bilateral thyroid surgery exposes the RLN on each side, 501 RLNs were put at risk during this series.
Surgery
No. of Patients
AIRWAY MANAGEMENT
In 327 of the 363 cases, the LMA was used as the airway. Of the 36 cases in which the LMA technique was not used, tracheal intubation was elected in 11 owing to anticipated intraoperative tracheal occlusion if the stenting effect of the endotracheal tube was not present. In 6 cases, the use of the LMA was contraindicated (severe gastroesophageal reflux disease, pregnancy, and 
SUBJECTS AND METHODS
SUBJECTS
MONITORING OF RLN FUNCTION
When monitoring of the RLN was desired, a pediatric fiberoptic bronchoscope (LF-GP PortaView Intubation Scope;
Olympus, San Jose, Calif) was advanced over a swivel adaptor (Portex, Inc, Keene, NH) through the LMA into the larynx, allowing visualization of the vocal cords. The image was displayed to the surgical team on a video monitor after connecting the bronchoscope to a video camera designed for video laparoscopy. The surgeon stimulated the RLN using a sterile nerve stimulator (Varistim III Surgical Nerve Locator; Xomed, Jacksonville, Fla) set at 0.5 to 2.0 mA, according to the minimum amount of current required to produce twitching in exposed superficial neck muscle fascicles. Correct identification and intact RLN function were confirmed by observing unilateral vocal cord motion on stimulation.
SURGICAL TECHNIQUE
All operations were performed with loupe magnification. After initial general thyroid mobilization, the upper pole was taken down, and vessels were divided directly on the surface of the thyroid to avoid the external branch of the superior laryngeal nerve. At this point, the upper portion of the thyroid lobe was rotated down and medially, exposing the ligament of Berry. After mobilization of the upper parathyroid gland, the RLN was identified lateral to the ligament and within 5 mm of entry into the larynx. Gentle dissection was performed in a more medial direction to discover any more medial branches, after which the nerve and its branches were gently swept to the side, away from the thyroid. At this point, the nerve was tested with the electrical stimulator. If the RLN and its branches were found not to function, then dissection was performed proximally along the identified nerve segment to discover additional occult branches (which then underwent testing).
morbid obesity), and in 1 case, the patient preferred tracheal intubation. In 5 cases, the staff anesthesiologist was unfamiliar with the technique. In 11 cases, the surgery was deemed not to put the RLNs at risk. In 1 case each, an LMA device was not available, and the patient required endotracheal intubation for another simultaneous procedure. No patients in this group sustained an RLN injury. In 16 cases (5%) in which the LMA was used, upper airway obstruction occurred during surgery. Fiberoptic examination of the larynx showed supraglottic edema in 5 cases that resolved on changing the patient's head position from extension to neutral. In 11 cases, true laryngospasm was seen, requiring a subintubating dose of succinylcholine chloride in 5, tracheal intubation in 3, and an increase in the depth of anesthesia in 3. Minor degrees of laryngospasm, particularly during dissection of the upper poles of the thyroid, were common. No other complications related to airway management were reported.
RLN MONITORING
In all 327 cases in which the LMA was used, initial visualization of the vocal cords could be achieved (Figure) .
Secondary loss of visualization occurred in 17 (5%) of the 327 cases, ie, the 16 cases with airway management issues described above and an additional case with too much airway motion to allow for accurate bronchoscope placement. In this group, the only inadvertent RLN injury in the series and long-term hoarseness were seen. The injured RLN branched inferior to the lower pole of the thyroid. The lateral branch anastomosed with an additional nerve entering the field from the lateral direction and was preserved. The medial branch was unrecognized until taken during the mobilization of the lower parathyroid gland.
Motion of the vocal cords on stimulation of each RLN within the operative field was seen in 274 (88%) of the 310 cases in which visualization of vocal cords was possible throughout the surgery, with no instance of identified RLN injury. A single patient had postoperative hoarseness lasting less than 2 weeks.
In 22 cases of bilateral thyroid surgery (7%), motion was observed in only 1 of 2 RLNs tested. Two of these cases lost an RLN owing to entrapment in tumor, and both patients had persistent postoperative hoarseness. In 3 cases, RLNs were stripped off the surface of tumor, having been shown to function before stripping and not to function after. One of these patients had prompt recovery of normal voice quality. In the remaining 17 cases, no definite cause for lack of function could be assigned. One of these patients had postoperative hoarseness lasting for less than 2 weeks.
In 14 cases (5%), no movement of the vocal cords on stimulation could be observed during the procedure. No RLN injuries were noted in this group, and 2 patients had postoperative hoarseness, lasting less than 2 weeks.
RLN ANATOMY
Branching of RLN between the inferior thyroid artery and the larynx, usually within 5 mm of the larynx, was common and not tallied in this study. Branching of the RLN proximal to the inferior thyroid artery was seen in 56 cases (15% of all cases), with performance of vocal cord function by the medial branch in 46 (82%) of these. In 4 cases (7%), the function was performed by the lateral branch. In 6 cases (11%), vocal cord function was performed by a medial branch on one side and by a lateral branch on the other side. In 10 cases (3% overall), the branch performing vocal cord function was not identified until electrical stimulation was performed and failed, and further dissection discovered a more medial, functional branch.
SAFETY
In 5 cases, pneumothorax was suspected clinically owing to mild hypoxemia and was documented on the postoperative chest x-ray film. All 5 cases were treated with thoracentesis alone. In 4 of these cases, patients had had prolonged but moderate upper airway obstruction. Two of the cases included internal jugular node dissections reaching below the clavicles. A single case sustained no element of obstruction and was a thyroid lobectomy, apparently well above the limits of the pleura.
COMMENT
To reduce the rate of RLN injury in patients undergoing thyroid surgery, several techniques to monitor RLN function have been described. Most rely on electromyographic (EMG) recordings derived from the laryngeal musculature after stimulation of the RLN with electrical current. [2] [3] [4] [5] [6] These techniques are associated with additional costs for initial purchase of monitoring devices, ongoing purchase of electrodes, and salary and training for personnel to read the monitors during surgery. In addition, lost electrical contact of the electrodes and the use of muscle relaxation are potential sources of error. We describe herein the use of the LMA during spontaneous ventilation to allow monitoring of RLN function by means of fiberoptic visualization of vocal cord movement during electrical stimulation. This simple technique avoids the use of muscle relaxation and can be performed with equipment that is readily available in most operating suites. The LMAs are not disposable and are used for many procedures in addition to our application. Flexible fiberoptic bronchoscopes are in wide use by departments of anesthesia, thoracic surgery, and otolaryngology. The video cameras and monitors are the same as those used for laparoscopic surgery. In this series of 363 thyroid surgeries, the technique could be applied in 327 cases and was associated with an ability to monitor RLN function at will in 95% of cases throughout the surgery, resulting in a single case of proven RLN injury.
This series of cases arose from the desire by one us (F.D.M.) to understand an ongoing 1% to 2% rate of RLN injury during thyroid surgery, despite universal systematic identification and preservation of the RLN. This rate of injury is comparable to that of many reports.
1,10-13 The lowest rate was that of the Lahey Clinic report of 1971, 10 in which a 0.14% rate of injury was reported and the argument was advanced that the RLN should always be identified. Most groups, however, currently report 2% to 4% rates of RLN injury. Some authors [14] [15] [16] have emphasized the nonrecurrent RLN as a potential source for this continuing rate of injury, an anatomic variant occurring at a low rate and putting the RLN at risk early in the dissection. The results of all of these studies were based on dissection data, not on functional data. In this report, we described variation of RLN anatomy (15% of cases) and combine these data with results of functional assessment. Our demonstration of the variation in RLN functional anatomy may explain current rates of injury. Despite awareness of and a systematic search for more medial branches of the RLN after initial nerve identification, we report herein a 3% rate at which an undetected, functional, more medial RLN branch was revealed only through results of the electrical testing. We also found a rate of inconsistency, with the functional RLN being the medial branch on one side of the neck and the lateral branch on the other side in 6 cases (2% overall). Inadvertent injury to these functional, medial branches of the RLN when undetected would account for the current rates of RLN injury. Systematic application of techniques, such as that outlined herein, may allow the surgeon to identify and spare these portions of the RLN. The single RLN injury reported in this series was the result of such an anatomic variant and occurred during a case in which the LMA-bronchoscopic monitoring system failed. The rate of RLN injury was unlikely to be higher than that reported, given the few additional cases of transient hoarseness and the previous reports that the surgeon's judgment on the presence or absence of RLN injury after surgery is highly accurate. 12 Whether to implement such a system depends on issues of efficacy and safety, as well as cost. Not all cases can be managed with spontaneous ventilation and an LMA. Contraindications involve associated conditions and anticipated anatomic constraints. The LMA is not indicated for patients with severe gastroesophageal reflux disease, as protection of the airway from aspiration is not as good as with endotracheal intubation. The amount of positive pressure that can be applied to assist ventilation in LMA is 20 mm Hg, making it difficult to assist ventilation in patients with severe obesity or advanced pregnancy during surgery. In certain cases, such as a fixed malignancy, entry into the trachea for purposes of resection would require an endotracheal tube. In others, such as a substernal goiter with airway compression, one should be concerned with complete airway occlusion of the unstented trachea during initial mobilization. This technique is pointless in cases where the RLN is not at risk, such as a jugular node dissection. Finally, not all anesthesiologists are secure in the techniques of general anesthesia with the LMA device. In our hands, the technique was used in 90% of thyroid cases, among which we would expect a maximum of 95% of cases to be eligible, given the rate of contraindications.
Even when this anesthesia technique is implemented, it may not be possible to visualize a response of the vocal cords to electrical stimulation. Anesthesia and airway management with this technique can be difficult. We found a 5% rate of upper airway obstruction during surgery that required intervention. Some cases required endotracheal intubation, meaning that neuromuscular relaxation was used as well as an airway that precluded visualization of vocal cords. Most of these cases were due to supraglottic edema or laryngospasm. Supraglottic edema appears to occur as a result of the extended neck position for surgery plus the LMA inflation. We currently avoid this complication by using a more neutral position of the neck for surgery. Laryngospasm is due to an insufficient level of anesthesia and almost always occurs during dissection of the upper pole. It is preventable with adequate depth of anesthesia and can be treated effectively with a subparalyzing dose of succinylcholine combined with assisted ventilation. Also, with the LMA in place and the bronchoscope obtaining excellent visualization, electrical stimulation might elicit no response. The main issue in such a situation is that the functional portion of the RLN has not been identified. However, the nerve stimulator may not be functioning. For this reason, we now test the battery on the device and then test the stimulus directly on exposed laryngeal musculature for muscle twitching before applying it to the nerve. Since implementing this refinement, the issue of never being able to elicit a response has disappeared. An RLN may also be injured when electrical testing is overzealous, possibly the cause for the cases of transient hoarseness that we have seen. Despite these issues, we were able to test all of the exposed RLNs in a given case at will in 88% of our cases. As we have gained more experience, our rate of efficacy in maintaining visualization and then attaining vocal cord response to stimulation is nearing 100%.
The upper airway occlusion issues also have an impact on the safety of this technique. One is well advised to use a single experienced anesthesiologist to introduce this method into a thyroid surgery practice. We also encountered 5 cases of pneumothorax, which is an unusual problem. None was life threatening, and all could be treated with simple aspiration. We theorize that pneumothorax was caused by breach of the apex of the pleura in the neck, combined with the negative pressure of spontaneous ventilation. This is clearly the case in the 2 jugular node dissections, which were performed below the clavicles. The case that we cannot readily explain was the thyroid lobectomy in a young woman with a long neck, in which there was no dissection close to the apex of the pleura. Given our experience, we obtain chest radiographs for unexplained episodes of oxygen desaturation during surgery or in the recovery room.
The major alternative to this technique uses conventional endotracheal anesthesia and EMG readout of function. This requires placement of EMG electrodes on the endotracheal tube [3] [4] [5] or directly in or on the larynx during surgery, 2 combined with electrical nerve stimulation and an oscilloscope-type monitor with a technician to report the results. Endotracheal tubes with integrated electrodes are also commercially available. 6 Newer systems use integrated circuits and an alarm to indicate when the nerve has been stimulated, eliminating the technician. We anticipate that this technique would give equivalent intraoperative results to those that we are reporting and would be usable in all patients. In terms of ultimate advantage to the voice, one also must consider the injury that an endotracheal tube can cause to the vocal cords. The advantage to our technique is its simplicity and lack of additional capital cost, leading to its accessibility to surgeons in all types of practice settings.
Attempts to use LMA-based anesthesia in combination with fiberoptic demonstration of movement of the cords have been described before. 7, 8 The only published systematic evaluation of this technique was performed in patients paralyzed with 0.1 mg/kg of vecuronium bromide. 9 Nerve stimulation was performed only on request of the surgeon or for educational reasons; thus RLN monitoring was performed in less than 50% of cases. Therefore, that study did not allow conclusions concerning the number of patients in whom the technique could be used successfully. The present study demonstrates that the LMA, in combination with fiberoptic visualization of the vocal cords, has a success rate of monitoring RLN in more than 95% of cases when the LMA is used. In association with this ability to monitor nerve function, 3% of cases were found to have RLN anatomy particularly prone to injury. This was recognized and avoided, with a resulting incidence of inadvertent RLN palsy of 0.3%, which is lower than that reported in most large series. 1, [11] [12] [13] 
DISCUSSION
Walter B. Goldfarb, MD, Portland, Me: The RLN has been of more than passing interest to thyroid surgeons since the beginning of thyroid surgery, and it has been the bête noire and of particular interest to New England surgeons, especially since the landmark paper of Dr Lahey in 1938, and again in 1944, advocating exposure of the RLN in all cases of thyroid surgery to avoid inadvertent injury. Since then, the role of the RLN in thyroid surgery has received a great deal of extended attention in the literature. Actually, recently even the lay press has chimed in on the subject. The Wall Street Journal on May 10, 2001, had as its health feature an article entitled "Taking Steps to Curb Vocal Cord Damage From Thyroid Surgery"; and in Portland, Me, recently, one of our television programs, a CBS affiliate, had a packaged "Health Watch" feature of this subject in detail, including a reconstructive procedure using the hypoglossal nerve transfer and restoration of cord function.
The report of Dr Moore and his colleagues is a major contribution to lowering what is already a significantly low morbid complication of thyroid surgery. One nerve injury in 327 cases, which is 0.3%, certainly sets a very excellent and probably a new standard in this operation. It is an outstanding result, and a compelling case can be made for monitoring of the RLN. It is obvious that good cooperation between the surgeon and the anesthesiologist is required for success. The 10 cases (3%) or so that were found to have an anomaly which would have resulted in injury had this not been done, as Dr Moore
